Validity and relevance of the pack hike wildland firefighter work capacity test: a review by Petersen, Aaron et al.
	 	
	
 
This is the published version 
 
   
Petersen, Aaron, Payne, Warren, Phillips, Matthew, Netto, Kevin, Nichols, 
David and Aisbett, Brad 2010, Validity and relevance of the pack hike 
wildland firefighter work capacity test: a review, Ergonomics, vol. 53, no. 10, 
pp. 1276-1285. 
 
 
 
 
 
 
Available from Deakin Research Online 
 
http://hdl.handle.net/10536/DRO/DU:30032111	
	 	
	
	
 
 
 
 
Reproduced with the kind permission of the copyright owner 
 
 
 
 
 
 
 
 
Copyright: 2010, Taylor and Francis 
 
 
 
  
PLEASE SCROLL DOWN FOR ARTICLE
This article was downloaded by: [Deakin University]
On: 4 January 2011
Access details: Access Details: [subscription number 907464257]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK
Ergonomics
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713701117
Validity and relevance of the pack hike wildland firefighter work capacity
test: a review
Aaron Petersenabc; Warren Payned; Matthew Phillipsbe; Kevin Nettoa; David Nicholsbe; Brad Aisbettab
a School of Exercise and Nutrition Sciences, Deakin University, Melbourne, Australia b Bushfire Co-
operative Research Centre, East Melbourne, Australia c School of Sport and Exercise Science, Institute
of Sport, Exercise and Active Living, Victoria University, Melbourne, Australia d School of Human
Movement and Sports Science, University of Ballarat, Ballarat, Australia e Country Fire Authority,
Melbourne, Australia
Online publication date: 23 September 2010
To cite this Article Petersen, Aaron , Payne, Warren , Phillips, Matthew , Netto, Kevin , Nichols, David and Aisbett,
Brad(2010) 'Validity and relevance of the pack hike wildland firefighter work capacity test: a review', Ergonomics, 53: 10,
1276 — 1285
To link to this Article: DOI: 10.1080/00140139.2010.513451
URL: http://dx.doi.org/10.1080/00140139.2010.513451
Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf
This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.
Validity and relevance of the pack hike wildland ﬁreﬁghter work capacity test: a review
Aaron Petersena,d,e, Warren Payneb, Matthew Phillipsa,d, Kevin Nettoa, David Nicholsc,d and Brad Aisbetta,d*
aSchool of Exercise and Nutrition Sciences, Deakin University, Melbourne, Australia; bSchool of Human Movement and Sports
Science, University of Ballarat, Ballarat, Australia; cCountry Fire Authority, Melbourne, Australia; dBushﬁre Co-operative
Research Centre, East Melbourne, Australia; eSchool of Sport and Exercise Science, Institute of Sport, Exercise and Active Living,
Victoria University, Melbourne, Australia
(Received 27 October 2009; ﬁnal version received 28 July 2010)
Fighting wildland ﬁre is a physically demanding occupation. Wildland ﬁreﬁghters need to be physically ﬁt to
work safely and productively. To determine whether personnel are ﬁt for duty, many ﬁreﬁghting agencies
employ physical competency tests, such as the pack hike test (PHT). The PHT involves a 4.83-km hike over
level terrain carrying a 20.4-kg pack within a 45-min period. The PHT was devised to test the job readiness of
US wildland ﬁreﬁghters but is also currently used by some ﬁre agencies in Australia and Canada. This review
discusses the history and development of the PHT with emphasis on the process of test validation. Research-
based training advice for the PHT is given, as well as discussion of the risks associated with completing the
PHT. Diﬀerent versions and modiﬁcations to the PHT have emerged in recent years and these are discussed
with regard to their validity. Finally, this review addresses the relevance and validity of the PHT for Australian
and Canadian wildland ﬁreﬁghters.
Statement of Relevance: This paper reviews the history, development and validity of the PHT, an internationally
recognised and utilised wildland ﬁreﬁghter work capacity test. It is concluded that while the PHT has general content
validity for US wildland ﬁreﬁghters, veriﬁcation of its reliability, criterion and construct validity is still needed.
Keywords: ﬁreﬁghter; pack hike test; physical employment standards; work capacity
1. Introduction
Wildland ﬁres are a threat to communities in
Australia, North America and Southern Europe
(Hunter 2003, Schmuck et al. 2004, Hyde et al.
2008). Fighting wildland ﬁre is a physically demand-
ing occupation (Budd et al. 1997, Ruby et al. 2002)
requiring ﬁreﬁghters to be physically ﬁt to minimise
fatigue and work safely and competently (Brother-
hood et al. 1997b, Sharkey 1997, Gaskill et al. 2001,
Aisbett and Nichols 2007). To determine whether
personnel are ﬁt for duty, an increasing number of
ﬁreﬁghting agencies employ physical competency
tests. One such competency test is the pack hike test
(PHT), also known as the pack test and work
capacity test (Sharkey et al. 1994, Bachop 2000).
This test involves a 4.83-km hike over level terrain
carrying a 20.4-kg pack within a 45-min period
(Sharkey 1999). The test is designed to challenge an
individual’s muscular endurance, strength and cardi-
orespiratory ﬁtness and was devised to mimic the
physiological strain encountered during wildland ﬁre
suppression using hand tools and to replicate a
common US wildland ﬁreﬁghter task, i.e. hiking
with a pack (DeLorenzo-Green and Sharkey 1995).
2. Development of the pack hike test
From 1975 to 1998, USA wildland ﬁre agencies used
a 5-min step test to determine ﬁreﬁghters’ ﬁtness for
duty (Sharkey 1999). The step test was employed as
a result of 1965 ﬁeld testing of the metabolic,
cardiovascular and thermal demands of wildland
ﬁreﬁghting that showed that aerobic ﬁtness was
important for ﬁreﬁghters’ job performance (Sharkey
1999). The introduction of new legislation
(Americans with Disabilities Act, 1990) concerns that
the test was not job related and new research
showing that strength and lean body weight were
also key determinants of ﬁreﬁghting performance
(Sharkey et al. 1980) prompted the development of a
job-related test.
Following the completion of a wildland ﬁreﬁghter
job task analysis, expert opinion revealed that the
most important ﬁreﬁghting tasks were building
ﬁreline with hand tools, performing under adverse
conditions, hiking with light loads and lifting and
carrying light loads (Sharkey 1999). Based on this
information, the PHT was devised as a potential ﬁt
for duty test and testing was undertaken to assess its
validity.
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2.1. Validation of the pack hike test
The US Uniform Guidelines on Employee Selection
Procedures, 1978 (UGESP) issued by the Equal
Employment Opportunity Commission (1978) requires
that job selection tests undergo studies to determine
content, criterion or construct validity. Content
validity indicates that the content of the job selection
test is a representative sample of essential aspects of
the job (Equal Employment Opportunity Commission
1978). The PHT fulﬁls this requirement as it is
modelled on an important ﬁreﬁghting task as identiﬁed
by subject matter experts, i.e. hiking with light loads
(Sharkey 1999). The existing literature does not,
however, identify what weight constitutes a ‘light
load’, the typical length of time that ﬁreﬁghters hike
or the typical paces at which they hike. Published
rationale for these elements of the PHT would improve
the content validity of the test. Sharkey and Jukkala
(1980) reported that ﬁreﬁghters were expected to ‘pack’
loads of 40–50 lbs (approx. 18.2–22.7 kg) for 3 or
more miles (i.e. 4.83 km) and often over diﬃcult
terrain. Whether these statements, made approx. 20
years prior to the introduction of the PHT, provide the
rationale for pack weight and test length cannot,
however, be determined. The 20.4 kg used in the PHT
does, however, seem to represent the upper end of
weight carried by wildland ﬁreﬁghters, as ongoing
research by Ruby and colleagues (Ruby et al. 2002,
2003, Cuddy et al. 2008) all report that ﬁreﬁghters’
packs weigh approx. 12–20 kg. Documented evidence
on the duration and speed of the hiking with light
loads task performed by ﬁreﬁghters on the job may
also provide a content valid cut-oﬀ time. Sharkey
(1999) stated that: ‘The duration of the test ensures the
capacity to perform prolonged arduous work, under
adverse conditions, with a reserve to carry out an
emergency response’ (p. 5). As discussed later in this
review, the 45-min cut-oﬀ is actually based on a linear
regression between PHT ﬁnishing time and a maximal
oxygen uptake (VO2max) of 45 ml/kg per min (Sharkey
and Rothwell 1996). The authors are not aware of a
best practice model for determining content-valid cut-
oﬀ scores (the reader is referred to Gebhardt 2000 for a
review on establishing cut-oﬀ scores). One approach
may, however, be to capture data from ﬁreﬁghters’
hikes in the ﬁeld using portable global positioning
system devices to capture typical hiking durations and
speeds across a range of deployments and terrains. In
line with the work of Sothmann et al. (2004) and
Gilman (2008), a range of typical walking speeds could
then be simulated and rated by subject matter experts
for acceptable performance. The acceptable walking
speed could then be used to establish a content-valid
ﬁnishing time for the PHT.
The UGESP points out that content validity is not
an appropriate strategy when the selection test involves
knowledge, skills and abilities that an employee is
expected to learn on the job (Equal Employment
Opportunity Commission 1978). The PHT is a simple
test of physical performance with no requirement for
acquired skills or knowledge and, as such, also fulﬁls
this requirement. The UGESP also requires that a
selection test be reliable (Equal Employment
Opportunity Commission 1978). To this end, only one
study has investigated the reliability of the PHT. In a
small set of volunteers (n ¼ 15) PHT performance was
not signiﬁcantly improved in subjects repeating the test
and there was a high correlation between test and
retest (r ¼ 0.92; DeLorenzo-Green and Sharkey 1995).
A strong correlation between test and retest does not
necessarily indicate high reliability, however, as a
strong correlation could still be found even if all
participants’ scores had improved during the retest.
Also, these data are in conﬂict with a comment by
Sharkey (1999) that: ‘ﬁeld experience has shown that
subjects improve substantially when retested’.
Therefore, a larger study is needed to conﬁrm the
reliability of the PHT.
Criterion validity requires that the selection test is
predictive of, or signiﬁcantly correlated with,
important elements of job performance (Equal
Employment Opportunity Commission 1978).
Wildland ﬁreﬁghters typically work in crews, making it
diﬃcult to assess individual job performance during
actual ﬁreﬁghting. Sharkey and Rothwell (1996)
therefore chose to compare PHT performance with a
simulated ﬁeld performance test in 20 volunteers. The
ﬁeld performance test comprised 15 min of hand tool
ﬁreline construction, which the job task analysis had
shown to be an important ﬁreﬁghting task (Sharkey
1999). The PHT showed a moderate correlation
(r ¼ 70.50) with the ﬁreline construction test
(Sharkey and Rothwell 1996), accounting for only
25% of the variance in ﬁreline construction test
performance. In a recent text (Sharkey and Davis
2008), stronger correlations (r  0.65, r2  0.42,
p 5 0.01) are presented between a ‘pack’ task and job-
related tasks including advancing a pressurised or
charged ﬁre hose, carrying and laying ﬁre hose and
constructing or digging a ﬁreline. A correlation
between the pack task and the job task of hiking with
light loads was not, however, presented. Nevertheless,
these data may strengthen the criterion validity of the
PHT. However, close inspection of two United States
Forest Service reports (Sharkey and Jukkala, 1980,
Sharkey et al. 1980), describing these tasks, raises some
doubt of the precise nature of the ‘pack’ task presented
in Sharkey and Davis (2008). Sharkey and Jukkala
(1980) describe a pack test that requires participants to
Ergonomics 1277
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step on and oﬀ a 33-cm bench at a rate of 90
metronomic beats per min for at least 5 min whilst
carrying a 22.7-kg backpack. In contrast, Sharkey
et al. (1980) describe a load carriage task where
ﬁreﬁghters hike 1.3 km up a 17% grade hill whilst
carrying a 20.4-kg backpack. Neither test appears to be
the 20.4-kg, 4.83-km hike commonly referred to as the
PHT, so the value of the aforementioned correlations
for strengthening the criterion validity of the PHT is
unclear. On balance, therefore, the PHT may be
considered to display modest criterion validity.
The UGESP (Equal Employment Opportunity
Commission 1978) states that as part of determining
criterion validity: ‘Users should evaluate each selection
procedure to assure that it is appropriate for opera-
tional use, including establishment of cut-oﬀ scores or
rank ordering’. Nonetheless, no minimum acceptable
performance standards for the ﬁreline construction test
were determined. Therefore, it was also not determined
whether the 45-min PHT cut-oﬀ time was appropriate
to diﬀerentiate between acceptable and unacceptable
performance on the important job task of ﬁreline
construction. As such, the positive and negative
predictive value of the PHT (the accuracy of the test
in predicting those who can and cannot adequately do
the work) is unknown. This is an important missing
step in the criterion validation of the PHT and
warrants investigation.
Selection tests must be demonstrated to be fair,
that is, they must not discriminate on the basis of race,
sex or ethnic group, in order to fulﬁl UGESP
requirements for criterion validity (Equal Employment
Opportunity Commission 1978). Field trials of 320
ﬁreﬁghters revealed that PHT performance was not
inﬂuenced by ethnicity (Sharkey 1999) and that there
was no signiﬁcant diﬀerence between the completion
time of males and females (Sharkey et al. 1994,
DeLorenzo-Green and Sharkey 1995, Sharkey and
Rothwell 1996, Sharkey 1999). Furthermore, the pass
rate for females was 85.2% of the male pass rate
(Sharkey 1999), which is greater than the 80% required
by the UGESP (Equal Employment Opportunity
Commission 1978). Sharkey (1999) also analysed the
data to determine whether the PHT discriminated on
the basis of age, body mass or height. The average time
to complete the PHT for individuals over 40 years was
41.4 min, which was not diﬀerent to the average time
of 41.8 min for those under 40 (Sharkey 1999),
although it is unclear why 40 years was chosen to
distinguish ‘old’ and ‘young’. Also, a later study found
no diﬀerence in the mean age of those who passed the
PHT (30.9 years) compared with those who failed (31.6
years; Vivometrics Government Services 2007). A
recent study from the present author’s laboratory
found a moderate correlation between age and PHT
completion time in Australian career land management
agency ﬁreﬁghters (LMFF; r ¼ 0.399, p 5 0.05) but
not tanker-based volunteer ﬁreﬁghters (TBFF; Phillips
et al. unpublished data). It is possible, therefore, that
PHT performance is age-dependent in some
populations, although it should be noted that age
explained only 16% of the variance in PHT completion
time (Phillips et al. unpublished data). Vivomedics
Government Services (2007) reported that the body
mass of those who passed the PHT was 80.1 kg, which
was not diﬀerent to the body mass of 79.3 kg for those
who failed, whilst this report and other studies found
there was no relationship between body mass and PHT
performance (Sharkey 1999, Vivometrics Government
Services 2007, Phillips et al. unpublished data). PHT
completion time was found to be negatively correlated
with height (r ¼ 70.426 to –0.114, p 5 0.05, Sharkey
1999, Vivometrics Government Services 2007, Phillips
et al. unpublished data), indicating that between 1 and
18% of the variance in PHT time could be attributed
to stature. Previous research has also shown a
signiﬁcant height diﬀerence between those who passed
the PHT (1.78 m) and those who failed (1.76 m)
(Vivometrics Government Services 2007).
Additionally, following a ﬁeld evaluation of over 5000
ﬁreﬁghters, the pass rate for individuals under 1.60 m
was 67%, which was reported to be signiﬁcantly less
than that for all ﬁreﬁghters (Sharkey 1999). Thus, the
PHT appears to discriminate on the basis of stature,
possibly due to the reduced maximum walking speed of
shorter individuals (Bohannon 1997) who may struggle
to achieve the required walking speed. Nonetheless,
this does not impact upon the acceptance of the PHT
as the UGESP (Equal Employment Opportunity
Commission 1978) is concerned only with
discrimination on the basis of race, sex and ethnic
group.
Construct validity requires that selection tests
measure the degree to which candidates have
identiﬁable characteristics, which have been
determined to be important for successful performance
in the job for which the candidates are to be evaluated
(Equal Employment Opportunity Commission 1978).
A job task analysis conducted in 1973 showed that the
average energy expenditure of US wildland ﬁreﬁghting
tasks was 7.5 kcal/min (22.5 ml/kg per min; Sharkey
1999). It was therefore concluded that aerobic ﬁtness
was a key construct of wildland ﬁreﬁghting. This value
was then doubled and 45 ml/kg per min was set as the
minimum requirement for wildland ﬁreﬁghters. This
doubling was based on the notion that workers
typically cannot sustain more than approx. 50% of
their VO2max during day-long work (Sharkey 1999).
This approach is problematic, however, as 22.5 ml/kg
per min was the average for ﬁreﬁghting tasks and does
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not include periods of rest between those tasks. A more
realistic average energy expenditure for wildland
ﬁreﬁghting can be calculated from more recent studies
using doubly labelled water (Ruby et al. 2002) or
electronic activity monitors (Heil 2002). The average
energy expenditure during a ﬁreﬁghting shift calculated
from these studies was 8.4 (Ruby et al. 2002) and 14.6
(Heil 2002) ml/kg per min. The diﬀerence between the
two studies is likely due to the fact that Heil (2002) did
not include rest periods in his data. Basing wildland
ﬁreﬁghter physical employment standards on average
energy expenditure also fails to take into consideration
that a wildland ﬁreﬁghting shift typically consists of
short bouts of moderate/vigorous activity and longer
periods of low activity or rest (Cuddy et al. 2007). Thus,
an individual may be able to maintain the average
energy expenditure but may not have the necessary
ﬁtness to perform the intense bouts of work. Another
concern with the approach of Sharkey (1999) is that there
was no attempt to determine whether aerobic ﬁtness was
a key discriminator of ﬁreﬁghting performance. A study
showing that ﬁreﬁghters with high VO2max performed
more work during simulated ﬁreﬁghting tasks than those
with lower VO2max (McFadyen et al. 1996) supports the
premise that aerobic ﬁtness is a key construct of wildland
ﬁreﬁghting. However, it does not preclude the possibility
that other, more important constructs underpin wildland
ﬁreﬁghting competency. Indeed, a survey of US wildland
ﬁreﬁghting agencies revealed that muscular strength and
endurance were a major component of primary
ﬁreﬁghting tasks (Sharkey et al. 1980).
It is important to note that the energy expenditure
data (McFadyen et al. 1996, Sharkey 1999, Heil 2002,
Ruby et al. 2002) represent the average energy
expenditure of the job or job tasks and not the energy
expenditure required for ‘successful performance in the
job’, as required by the UGESP (Equal Employment
Opportunity Commission 1978). To the authors’
knowledge, the minimum energy expenditure required
for satisfactory wildland ﬁreﬁghting has not been
investigated. Until this is determined the construct
validity of the PHT cannot be veriﬁed.
Laboratory and ﬁeld testing showed that the PHT
was correlated with measures of aerobic ﬁtness and
muscular endurance (Sharkey et al. 1994, DeLorenzo-
Green and Sharkey 1995, Sharkey and Rothwell 1996)
and that the energy cost of the PHT was 22.2 ml/kg
per min (DeLorenzo-Green and Sharkey 1995). This is
very similar to the energy cost reported for ﬁreﬁghting
duties (i.e. 22.5 ml/kg per min; Sharkey 1999).
Regression analysis has been used to predict PHT
time based on VO2max, indicating that completing the
PHT in 45 min required a VO2max of approximately
45 ml/kg per min (Sharkey et al. 1994, Sharkey and
Rothwell 1996, Strickland and Petersen 2000). In
contrast, a large study of approx. 500 participants
found that a PHT time of 45 min equated to a VO2max
of 29.6 ml/kg per min for males and 42.3 ml/kg per
min for females (Vivometrics Government Services
2007). The reason for the discrepancy between the
latter and former studies is unclear but may be due to
the predominance of non-ﬁreﬁghters (70%) in the
latter study, who had signiﬁcantly lower body mass,
BMI and estimated VO2max compared with the
ﬁreﬁghters (Vivometrics Government Services 2007).
One study that directly measured VO2 during the PHT
reported an average VO2 of 36.6 + 7.2 ml/kg per min
(Vivometrics Government Services 2007). However,
the small number of participants (n ¼ 13) walked at a
self-selected speed and it is not reported whether this
was faster or slower than the pace required to complete
the test in 45 min (Vivometrics Government Services
2007). Assuming that this subset of participants
completed the test with the same mean time as all
participants (42.3 min), this may explain the higher
energy cost reported (Vivometrics Government
Services 2007) compared with previous measures
(DeLorenzo-Green and Sharkey 1995).
In summary, the PHT has been shown to display
content validity as it is modelled, generally speaking,
on an important ﬁreﬁghting task and is not skill based,
although more work is needed to determine whether it
is reliable and whether the load and test duration are
typical of real work practice. The PHT is moderately
correlated to an important work task (ﬁreline
construction) and thus displays modest criterion
validity. However, it is yet to be demonstrated whether
the 45-min PHT cut-oﬀ time is appropriate to
diﬀerentiate between acceptable and unacceptable job
performance. With regard to construct validity, it
remains to be determined whether the wildland
ﬁreﬁghting aerobic energy cost chosen for construct
validation is representative of successful performance
in the job and is matched by the actual energy cost of
the PHT.
3. Training for the pack hike test
The physically strenuous nature of wildland
ﬁreﬁghting demands that many wildland ﬁreﬁghters
prepare physically for the ﬁre season. However, the
physiological characteristics that are important for
wildland ﬁreﬁghting have not been comprehensively
determined. In the absence of such data, and given that
the PHT is an accepted test of ﬁreﬁghting ﬁtness,
training for the PHT may represent a viable
alternative. In order for ﬁreﬁghters to optimally train
for the PHT, it is important to understand the
physiological characteristics required for successful
PHT performance. A recent study (Phillips et al.
Ergonomics 1279
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unpublished data) assessed the physical ﬁtness and
PHT performance of TBFF who typically use hoses
mounted on ﬁre trucks (tankers) to suppress ﬁres and
career LMFF who typically use dry ﬁreﬁghting
techniques (e.g. raking ﬁreline). It was shown that
the physiological characteristics that correlated with
PHT completion time were dependent on ﬁreﬁghter
type. These results are consistent with previous studies,
showing that PHT time was associated with measures
of cardiorespiratory ﬁtness (VO2max; Sharkey et al.
1994, DeLorenzo-Green and Sharkey 1995, Sharkey
and Rothwell 1996, Vivometrics Government Services
2007), upper body strength and muscular endurance
(Sharkey et al. 1994, DeLorenzo-Green and Sharkey
1995, Sharkey and Rothwell 1996) and lower body
muscular endurance and power (Sharkey et al. 1994).
Correlation analyses revealed that relative VO2max was
the best single predictor of PHT time in TBFF,
explaining 56% of the variance. Average grip
endurance (i.e. time to exhaustion when holding
25 kg of force on a handgrip dynamometer)
explained 48% of the variance in PHT time in
LMFF (Phillips et al. unpublished data).
These combined data indicate that PHT perfor-
mance is dependent on multiple ﬁtness components
and physical preparation for the PHT should reﬂect
this. Clearly, improving cardiorespiratory ﬁtness
through endurance-based training should be an im-
portant aspect of any PHT training programme.
Resistance training aimed at improving upper and
lower body strength and muscular endurance should
also be included. The value of combining resistance
and endurance training for improved load carriage has
been shown in US soldiers (Kraemer et al. 2004),
British Army recruits (Williams et al. 2002), untrained
young women (Harman et al. 1996, Kraemer et al.
2001, Hendrickson et al. 2010) and older men
(Holviala et al. 2010). A precise training prescription
for the PHT from these studies is diﬃcult given the
breadth of training frequencies (3–7 d per week),
intensities (endurance; below lactate threshold up to
100% VO2max, resistance; ﬁve repetitions up to 12
repetitions per set), durations (30–90 min) and training
cycle length (8–24 weeks). Further, no study, to the
authors’ knowledge, has evaluated the eﬀect of training
on PHT performance (i.e. hiking 4.83 km whilst
carrying 20.4 kg). Generally speaking, it appears
that, depending on initial ﬁtness levels (Williams
et al. 2004), load carriage performance will be
improved through training for at least four sessions
per week (two resistance, two endurance sessions;
Kraemer et al. 2004, Holviala et al. 2010), for at least
40 min per session (Hendrickson et al. 2010) over at
least an 8–12-week period (Kraemer et al. 2004,
Hendrickson et al. 2010). Resistance training should
include both strength (six or less repetitions) and
hypertrophy (12–15 repetitions) training of the upper
and lower body (Kraemer et al. 2004, Hendrickson
et al. 2010, Holviala et al. 2010). Kraemer et al. (2004)
reported, however, that 3.2-km loaded (44.7 kg) run
performance was improved with upper body resistance
training and endurance training with no lower body
resistance training. Endurance training should include
at least 30 min of ‘moderate to hard’ (Ehrmen
2009) intensity continuous running (where possible)
training (Kraemer et al. 2004, Hendrickson et al. 2010,
Holviala et al. 2010) combined with high-intensity
endurance interval training using a work to rest ratio
of approximately 1:1 (Kraemer et al. 2004,
Hendrickson et al. 2010). In their review of soldier load
carriage, Knapik et al. (2004) also advocate the
inclusion of load carriage training to improve load
carriage performance. These recommendations
are consistent with the speciﬁcity training
principle (Bryant et al. 2007) and the original PHT
prescription provided by Sharkey (1999), advising
personnel to walk and jog the 4.83 km without or
with lighter (i.e. 5 20.4 kg) packs in preparation for
their PHT.
4. Risks associated with the pack hike test
The PHT is physically demanding and places
considerable strain on the body’s cardiovascular and
musculoskeletal systems. As such, there is potential for
an adverse cardiac event or musculoskeletal injury
during the PHT.
Due to the potential risks of performing the PHT,
ﬁreﬁghters in USA and Australia are required to
complete pre-test health checks. Information available
from the United States Forestry Service website
indicates that all their ﬁreﬁghters have been required to
complete a health screening questionnaire before being
allowed to perform the test, since at least 2002 (United
States Department of Agriculture 2002). Depending on
their answers on the health screening questionnaire,
some ﬁreﬁghters may also be required to undergo a
medical examination; although it is not stated on what
grounds a medical examination is required (United
States Department of Agriculture 2002). Given the
general acceptance of the American College of Sports
Medicine guidelines (Ehrmen 2009), it is reasonable to
assume that their recommendations are adhered to. All
ﬁre agencies in Australia that employ the PHT require
their ﬁreﬁghters to undergo a biennial medical
examination prior to completing the test.
Despite pre-test screening, at least six US wildland
ﬁreﬁghters died as a result of the PHT from 2002 to
2008 (National Interagency Fire Center 2009), with all
of these being from an adverse cardiac event (Wildland
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Fire Lessons Learned Center 2009). There have also
been at least two non-fatal heart attacks in US
wildland ﬁreﬁghters as a result of the PHT over the
same period (Wildland Fire Lessons Learned Center
2009). To date, there have been no reports of fatalities
and one report of a non-fatal adverse cardiac event in
Australian ﬁreﬁghters attributed to the PHT.
There are at least 25,000 PHTs completed each year
by US federal land management agencies alone
(Sharkey and Davis 2008) and thousands more by
various US state agencies. The rate of sudden cardiac
deaths occurring in the general population during
ﬁtness tests has been reported at between zero and
seven per 100,000 tests (Kohl et al. 1992). Thus, based
on approximately 30,000 PHTs per year, the number
of sudden cardiac deaths resulting from these tests
would be expected to be from zero to two per year.
Over a 7-year period (approximately 210,000 PHTs),
the six deaths reported from 2002 to 2008 fall within
the expected range for the general population. Most
exertion-related sudden cardiac deaths in apparently
healthy individuals are caused by an undetected
underlying cardiac disease or abnormality (Thompson
et al. 2007). It is unlikely that pre-deployment exercise
stress tests could have prevented these deaths, as: ‘most
acute cardiac events in previously asymptomatic
subjects are due to vulnerable plaque disruption.
Consequently, an exercise stress test . . . can be normal
despite the presence of coronary plaque that may
rupture’ (Thompson et al. 2007). Indeed, had the
cardiac events not occurred during the PHT, they may
have occurred during strenuous ﬁre suppression
activities, which may also place the fallen ﬁreﬁghter’s
crew at risk as they are suddenly faced with the burden
of attempting to resuscitate a fallen ﬁreﬁghter as well
as suppressing the ﬁre.
Reports of non-fatal ﬁreﬁghter injuries are often
not comprehensive enough to ascertain the exact cause
of the injury. Therefore, it is not possible to determine
the number of non-fatal injuries that are due to the
PHT. A risk assessment prepared for the Department
of Sustainability and Environment in Victoria, Aus-
tralia noted that there had been no manual handling
injuries reported as a consequence of the PHT in its
land management ﬁreﬁghters (Caple 2005). However,
Caple (2005) did report that the PHT included several
occupational health and safety risks. In their review of
soldier load carriage, Knapik et al. (2004) identify foot
blisters, metatarsalgia (pain and swelling on the sole of
the foot), foot and lower leg stress fractures, knee pain,
lower-back pain and rucksack palsy (upper extremity
numbness, cramping and paralysis) as the major
medical concerns associated with load carriage.
Although soldiers often carry heavier loads (up to
55 kg; Knapik et al. 2004) and for longer durations
(e.g. 12.8 km; Rayson et al. 2000), it is possible that
ﬁreﬁghters preparing for the PHT and/or carrying
similar loads during their work may also encounter
similar medical risks. On the scant yet available, PHT-
speciﬁc evidence, however, the PHT does not appear to
be any more demanding or hazardous than other
forms of vigorous exercise or the actual act of
ﬁreﬁghting.
5. Modiﬁcations to the pack hike test
Since the inception of the PHT, some ﬁre agencies have
introduced several additional versions and
modiﬁcations. US federal land management agencies
conduct three versions of the PHT depending on
whether their ﬁre role is considered arduous, moderate
or light (Sharkey and Davis 2008). The arduous test is
the full PHT (4.83 km with 20.4-kg load within
45 min), whereas the moderate (ﬁeld) test involves
hiking 3.2 km with an 11-kg load in 30 min and the
light (walk) test involves hiking 1.6 km with no load in
16 min (Sharkey and Davis 2008). Several Australian
land management ﬁre agencies also use the ﬁeld test
version of the PHT in addition to a more strenuous
version for ﬁreﬁghters working in remote areas
(4.83 km with 20.4-kg load within 42.5 min). To the
authors’ knowledge, the walk, ﬁeld or remote area
versions of the PHT have not been validated for
ﬁreﬁghter job performance in USA or Australia.
A common modiﬁcation to the PHT is the
introduction of weighted vests in place of backpacks
for carrying the 20.4-kg load. This has largely come
about due to the discomfort caused by the backpack
straps when performing the test. Fireﬁghters often
carry backpacks when on the ﬁreline so the use of
weighted vests for the PHT may be conceived as
negatively impacting on the test’s content validity.
Load carriage research also suggests that weighted
vests may reduce the energy cost and therefore aﬀect
the construct validity of the PHT, as the energy cost
of carrying a load was reduced when the load was
distributed between the front and back compared
with on the back only (Datta and Ramanathan 1971,
Kinoshita 1985). Recent evidence does not support
this, however, as there was no diﬀerence in the
energy cost of walking on a treadmill at PHT pace
with a 20.4-kg backpack (1.63 + 0.04 l/min) or a
20.4-kg weighted vest (1.63 + 0.04 l/min; Payne
et al. 2008).
An additional modiﬁcation made by at least one
Australian land management ﬁre agency (Department
of Sustainability and Environment) is the provision for
pack weight to be reduced to 15.4 kg for ﬁreﬁghters
who weigh less than 67 kg. This is based on the notion
that the relative energy cost of performing the PHT
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would be greater for lighter individuals due to the
higher relative load carried. This assumption has been
veriﬁed by the application of formulae developed in
load carriage research (Goldman and Iampietro 1962,
Givoni and Goldman 1971, Keren et al. 1981).
However, the present literature regarding the PHT
suggests that lighter individuals are not disadvantaged
during the test, as all studies investigating the matter
have reported no relationship between body mass and
PHT performance (Sharkey 1999, Vivometrics
Government Services 2007, Phillips et al. unpublished
data). This in itself does not preclude the possibility of
a bias against lighter individuals as they may have
possessed higher relative VO2max or may have worked
at a higher percentage of their VO2max during the PHT
compared with those with greater body mass. There is
some evidence to support this assumption, as the VO2
required to walk on a treadmill with a 20.4-kg
backpack at PHT pace was greater (p 5 0.001) in
individuals weighing less than 67 kg (27.5 ml/kg per
min) compared with those over 67 kg (20.3 ml/kg per
min; Payne et al. unpublished data). However, the
sample size was small (n ¼ 9) and only two subjects
weighed less than 67 kg; therefore, a larger study is
required to verify the results. Although, whether such a
study is justiﬁed is debatable as it can be argued that all
ﬁreﬁghters are required to do the same work
irrespective of body mass and therefore should
perform the same ﬁt for duty test. In support of this
notion, and should further research support the
unpublished ﬁndings that body mass may play a role
in determining ﬁreﬁghters’ oxygen cost during the
PHT, researchers and ﬁre agencies may consider
establishing performance standards indexed on
VO2max in absolute (l/min) terms. Indeed, the relative
importance of VO2max in l/min or ml/kg per min for
load carriage performance has been a recent focus of
load carriage research (e.g. Pandorf et al. 2002, Lyons
et al. 2005). The available data regarding which
measure is more predictive of load carriage
performance appear to depend on load carriage
parameters, with the predictive strength of VO2max in
absolute (l/min) terms increasing in parallel to the load
being carried (e.g. Pandorf et al. 2002) and incline
grade (Lyons et al. 2005). Unpublished research from
the present author’s laboratory also shows that the
predictive strength of absolute and relative VO2max for
PHT performance varied amongst diﬀerent ﬁreﬁghting
populations (i.e. LMFF and TBFF). As such, the
debate over the role of body mass in the relationship
between the PHT and ﬁreﬁghter job demands will
hinge on whether it is deemed that the PHT was chosen
based on its content, criterion or construct validity.
Only in the latter case will concerns of body mass bias
be relevant.
In summary, further research is needed to
determine whether the diﬀerent versions of the PHT
are valid predictors of job performance for the ﬁre
roles that use them and whether a modiﬁed PHT is
justiﬁable for lighter individuals.
6. Relevance of the pack hike test to non-US wildland
ﬁre agencies
The PHT has been validated against hand tool-based
ﬁreﬁghting in US wildland ﬁreﬁghters according to the
requirements of the US UGESP (Equal Employment
Opportunity Commission 1978, Sharkey 1999).
However, some Australian and Canadian wildland ﬁre
agencies also use the PHT and it is possible that more
wildland ﬁre agencies will adopt the test, as it is more
convenient and less costly than performing job-task
analyses and developing a new, agency-speciﬁc ﬁt for
duty test.
6.1. Australian land management agency ﬁreﬁghters
Australian land management ﬁre agencies currently
use the PHT as an annual ﬁt for duty test for
ﬁreﬁghters. However, whether the PHT is a valid
discriminator of satisfactory job performance in these
ﬁreﬁghters has not been determined. Australian LMFF
perform several similar duties to their US
counterparts, so it could be expected that the PHT
would also be valid for them. However, the energy cost
of constructing a ﬁreline using hand tools at a normal
pace in Australian LMFF was 32 + 4 ml/kg per min
(Brotherhood et al. 1997a), which is considerably
higher than the reported average energy expenditure of
wildland ﬁreﬁghting in US ﬁreﬁghters of 22.5 ml/kg
per min (Sharkey 1999). These results therefore suggest
that the PHT does not display content validity for
Australian LMFF. Further, the construct validity of
the PHT for Australian LMFF remains undetermined.
To the authors’ knowledge, no study has veriﬁed that
aerobic ﬁtness is an important construct for successful
performance of wildland ﬁreﬁghting in Australian
LMFF. In addition, it is also yet to be conﬁrmed that
32 ml/kg per min represents the minimum energy
expenditure required for satisfactory wildland
ﬁreﬁghting in these ﬁreﬁghters.
6.2. Australian tanker-based volunteer ﬁreﬁghters
Australian TBFF do not currently perform ﬁt for duty
tests, with the exception of one volunteer ﬁre agency,
the Australian Capital Territory Rural Fire Service
(ACTRFS). The ACTRFS uses the PHT as a ﬁt for
duty test and it is possible that other Australian
volunteer ﬁre agencies will also adopt the test for
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convenience. Yet the PHT has not been validated for
Australian TBFF. Considerable diﬀerences exist
between the wildland ﬁreﬁghting practices of
Australian TBFF and US wildland ﬁreﬁghters
(Aisbett and Nichols 2007, Cuddy et al. 2007). For
instance, US wildland ﬁreﬁghters primarily use hand
tools to create ﬁre breaks to limit the spread of the ﬁre,
whereas Australian TBFF typically combat the spread
of wildﬁres using liquid suppressants delivered by hoses
from ﬁre trucks (tankers). Thus, the core job tasks and
constructs are likely to diﬀer between these ﬁreﬁghters,
potentially limiting the applicability of the PHT to
Australian TBFF. Indeed, data from this laboratory
showed that the highest energy expenditure during
routine wildﬁre suppression tasks in Australian TBFF
reached 33.1 + 5.1 ml/kg per min (Phillips et al. 2008),
considerably higher than that elicited by the PHT.
However, whether this level of energy expenditure is
necessary for satisfactory job performance in
Australian TBFF is yet to be determined. Another
concern regarding the validity of the PHT for
Australian TBFF is that the PHT is designed to
assess the ability to undertake steady state, long
duration ﬁreline work. A recent study has shown
that Australian TBFF perform intermittent bouts of
work (Phillips et al. 2007) and thus the PHT may not be
valid for these ﬁreﬁghters. The PHT cannot be
considered to be a valid ﬁt for duty test for
Australian TBFF until it is determined whether
aerobic ﬁtness is a key construct of Australian TBFF
ﬁreﬁghting, the energy demands of TBFF approximate
those of the PHT or until the PHT is shown to correlate
with criterion job tasks.
6.3. Canadian wildland ﬁreﬁghters
The British Columbia Forest Service (BCFS) adopted
the PHT in 2000, after the Canadian Supreme Court
ruled that their existing ﬁt for duty test was
discriminatory against women (British Columbia
(Public Service Employee Relations Commission) vs.
British Columbia Government and Service Employ-
ees’ Union, [1999] 3 S.C.R. 3, referred to as the
Meiorin case). The PHT was adopted on the basis
that it was thoroughly researched, job speciﬁc
and non-discriminatory (Bachop 2000). Also, with
minor diﬀerences, the ﬁreﬁghting tasks performed by
the BCFS were deemed to mirror those of US
wildland ﬁreﬁghters (Bachop 2000). However, as is
the case for USA wildland ﬁreﬁghters, there has been
no research showing that the level of ﬁtness required
to pass the PHT is the minimum level necessary
for safe and eﬃcient ﬁreﬁghting. Therefore, the
PHT cannot be considered a valid test for BCFS
ﬁreﬁghters.
7. Conclusion
The PHT has been used by US wildland ﬁre agencies as
a ﬁt for duty test since 1998 and has since been adopted
by wildland ﬁre agencies in Australia and Canada.
Considerable eﬀort has been spent on validating the
test to the work demands of US wildland ﬁreﬁghters,
for whom the test displays content validity; however,
work is still needed to verify its reliability, criterion and
construct validity. Worldwide, many thousands of
wildland ﬁreﬁghters perform the PHT annually and
must therefore prepare physically for their assessment.
The combined data from several studies indicate that
PHT performance is dependent on multiple ﬁtness
components. Physical preparation for the PHT and the
job should therefore focus on improving
cardiorespiratory ﬁtness and upper and lower body
strength and muscular endurance through endurance
and resistance training, respectively. Due to its
strenuous nature, there is potential for an adverse
cardiac event or musculoskeletal injury during the
PHT. Data regarding injuries attributable to the PHT
are not comprehensive, however, at least six ﬁreﬁghters
have died as a result of the PHT, with all being from an
adverse cardiac event. This rate of sudden cardiac
deaths is no diﬀerent than for other forms of physical
ﬁtness testing in the general population, indicating that
the PHT is not unduly demanding or hazardous. Since
the inception of the PHT, some ﬁre agencies have
introduced several additional versions and
modiﬁcations to the test, including altering the
distance walked, time allowed and load carried.
However, the diﬀerent versions have not been
validated and therefore further research is needed to
determine whether they are valid predictors of job
performance for the ﬁre roles that use them. Some
Australian and Canadian wildland ﬁre agencies use the
PHT despite it not being validated to their work tasks.
Analysis of these factors suggests that both Canadian
and Australian wildland ﬁre agencies will need to
conduct further research before justifying its use for
their ﬁreﬁghters.
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